Serum alkaline phosphatase (ALP) has been proved to be a negative prognostic factor for several malignancies, but its clinical significance in gastric cancer (GC) patients has not been sufficiently studied. In the present retrospective study, we investigated the effect of serum ALP on disease-free survival (DFS) after radical gastrectomy.
Background
Gastric cancer (GC) is one of the most common as lethal malignancies around the world [1, 2] . Despite numerous recent improvements in its diagnosis and therapy, approximately 50% of all GC patients after radical gastrectomy will develop recurrence and/or metastasis within 5 years [3] . The relapse of GC is a complex issue to cope with and the re-operation opportunity is usually minimal, so once there is evidence of tumor recurrence and/or metastasis, extremely poor prognosis is expected. Nevertheless, as an evaluable lesion is absent after radical gastrectomy, it is difficult to assess the therapeutic efficacy and predict the possible outcome of patients, which are pivotal for deciding further treatment strategy.
Serum alkaline phosphatase (ALP) is a routinely tested biochemical parameter in clinical work, which can be obtained conveniently and inexpensively at any time. Elevated serum ALP is usually a signal of liver or bone involvement due to inflammatory, traumatic, or metabolic diseases, but has also been associated with the pathogenesis, progression, and poor prognosis of certain carcinomas, including several digestive system malignancies, such as hepatoma [4] , gallbladder cancer [5] , colon cancer [6] , and esophageal cancer [7] . Accordingly, we hypothesized that serum ALP was also a prognostic predictor for GC patients, and we performed the following research to test this hypothesis.
Material and Methods

Patients
We retrospectively studied the inpatient and follow-up data of 491 initially-treated GC patients receiving radical gastrectomy from January 2008 to December 2014 in the Department of General Surgery, PLA 309 th Hospital, China. Patients' characteristics are listed below in the results section. The sample size was calculated using EmpowerStats 2.17 to provide 90% power for survival analysis, and based on the ratio of patient numbers between groups to be 4: 1 according to the literature [8] . Inclusion criteria were: (1) age >18 years, KPS score >70; (2) TNM stage I-III (AJCC, 7th); and (3) Patients did not receive any anti-tumor treatment before admission. Exclusion criteria were: (1) Patients with distant metastasis; (2) Concomitant non-tumor diseases that could lead to serum ALP elevation; (3) Intact serum ALP or other required followup data could not be obtained; and (4) Severe postoperative complications lasting for ³2 weeks. Besides operation, neoadjuvant or postoperative chemotherapy was applied alternatively according to the disease status of each specific patient. This study was approved by the Ethics Committee of the Chinese People's Liberation Army 309 th Hospital, Beijing, China, and complied with the 1964 Helsinki Declaration and its later amendments. Written informed consent was obtained from all patients enrolled in the study.
Serum ALP
Fasting venous blood was extracted in the early morning and preserved in anticoagulant tubes. The phosphoric acid p-nitrophenol performance rate method was employed for serum ALP testing by the clinical laboratory of our hospital. Blind method was absent due to the retrospective nature of this study. The serum ALP value at the following 4 time points were extracted for further data analysis ( Figure 1 ). (1) Pre-treatment: before operation or neo-adjuvant chemotherapy; (2) Post-operation: before the first cycle of postoperative chemotherapy, and for patients did not receive chemotherapy, before they were discharged; (3) Post-treatment: 6 months after all treatment had been completed; (4) Pre-terminal: the last result that could be obtained during the follow-up period. The normal reference range of serum ALP in our hospital was 40~150 U/L, and level >150 U/L was defined as elevated serum ALP.
Follow-up
Patients returned to our hospital for postoperative examination periodically. The items included routine test of blood, urine and stool, biochemistry, tumor marker, chest X-ray, ultrasonography, computed tomography, barium meal, and gastroscopy. DFS was defined as the time from operation to tumor recurrence, metastasis, or loss of follow-up. The DFS of those remaining tumor-free more than 60 months were recorded as 60 months. Patients were followed up every half year by telephone or mail. The median follow-up time was 41 months (range 13.2 to 60 months). There were 226 patients who developed recurrence or metastasis within the follow-up phase.
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Statistics
Statistical analysis was performed on SPSS 13.0. Serum ALP value was used directly for data analysis without logarithmic conversion or other procedures. The alteration of serum ALP before and after the operation was processed through the Wilcoxon matched-pairs signed rank test. The association between serum ALP and patients' clinical and pathological features was analyzed by c 2 test and logistic regression method (variable selection method: enter). The influence of serum ALP on patients' DFS was determined using the log-rank test and Cox proportional hazards model (variable selection method: enter). Survival curves were plotted by Kaplan-Meier method. P<0.05 was considered to have statistical significance. Figure 2 is a flow diagram showing the process of participant collection and analysis. There were 491 initially-treated GC patients who met our inclusion and exclusion criteria, among whom 333 were male and 158 were female; 112 were aged <60 years, 379 were aged ³60; 57 were located in the fundus, 286 were in the corpora, and 148 were in the sinuses; 271 had a tumor diameter <3 cm, 220 had ³3 cm; 91 were in TNM stage I, 206 were in stage II, and 194 were in stage III; 113 had a T1 classification, 206 had T2, 101 had T3, and 71 had T4; 111 had a N0 classification, 120 had N1, 144 had N2, and 116 had N3; 143 were poorly differentiated and 348 were moderately-highly differentiated; 419 had adeno carcinoma and 72 had signet ring cell carcinoma (SRCC); neoadjuvant chemotherapy was administered in 75 patients and was not administered in the other 416 patients; 410 patients received ³4 cycles of postoperative chemotherapy and 81 received £3 cycles. Patients with missing values were excluded at participant enrollment.
Results
Demographic characteristics
The association between serum ALP and patients' clinical and pathological features
The univariate c 2 test showed that tumor diameter (P=0.032), TNM stage (P=0.026), T classification (P=0.030), and N classification (P=0.020) were associated with the elevation of pretreatment serum ALP. These above 4 factors were then subjected to multivariate logistic regression analysis and indicated that tumor diameter (P=0.017, OR=2.642), TNM stage (P=0.005, OR=4.592), and T classification (P=0.043, OR=1.746) were independent risk factors for elevated pre-treatment serum ALP ( Table 1 ).
The influence of pre-treatment serum ALP on GC patients' DFS
Patients were stratified into 2 groups according to pre-treatment serum ALP, and Kaplan-Meier method was used to plot survival curves, which indicated that the DFS of 2 groups were significantly different (P=0.001, Figure 3 ). The univariate logrank test showed that pre-treatment serum ALP (P=0.001), (Table 2 ).
Changes in serum ALP level before and after gastrectomy
We analyzed the changes in serum ALP level in the 87 patients with elevated pre-treatment serum ALP. The medians of pretreatment and post-operation serum ALP activity were 262 U/L (range, 166 U/L to 1132 U/L) and 152 U/L (range, 72U/L to 437U/L) respectively, which showed a significant decline after surgery (P<0.001, Figure 4 ), indicating that removal of the primary tumor lesion leads to a decrease in serum ALP level.
The influence of serum ALP alteration on the DFS of GC patients
Patients were stratified into 2 groups according to pre-treatment serum ALP: group 1 contained 404 patients with a normal pre-treatment serum ALP, among whom the 47 patients with an elevated post-treatment serum ALP displayed significant poorer DFS than the other 357 patients keeping a normal post-treatment serum ALP (P=0.018, Figure 5A) ; group 2 contained 87 patients with an elevated pre-treatment serum ALP, among whom the 56 patients with a normal post-treatment serum ALP displayed significant better DFS than the other 31 patients keeping an elevated post-treatment serum ALP (P=0.004, Figure 5B ).
The association between tumor recurrence/metastasis and serum ALP Tumor recurrence/metastasis was observed in 226 patients during follow-up period, among whom the pre-terminal serum ALP activity of 31 patients was more than 150 U/L; the other 221 patients remained tumor-free during follow-up period, among whom the pre-terminal serum ALP activity of 6 patients was more than 150 U/L. The incidence of pre-terminal serum ALP elevation was significantly different between the 2 groups (c 2 =17.814, P<0.001), indicating that serum ALP elevation may be an early indicator of tumor recurrence/metastasis.
Discussion
ALP catalyzes the dephosphorylation process of multiple molecule including nucleic acids, proteins, and alkaloids [5, 9] . In humans, ALP is mainly located in the liver, bone, small intestine, and placenta. Under physiological conditions, serum ALP primarily comes from the liver, and in some specific populations it comes from bone or placenta (e.g., serum ALP activity of juveniles is significantly higher than that of adults because of skeletal growth, and it is also obviously elevated in pregnant women due to the increased production by placenta).
The primary or metastatic lesion in liver and/or bone is the most common cause of cancer-related serum ALP level elevation [10] [11] [12] , but there have also been reports that tumor cells can generate and release ALP into blood directly. Chuang et al. [13] observed that serum ALP was elevated in 21.1% of renal cancer patients without liver or bone metastasis, indicating the possibility of aberrant ALP expression in some tumors. Previous studies have demonstrated that the ALP level in normal gastric mucosa is very low, but rises significantly in some GC cell lines and tumor tissues [8, [14] [15] [16] , and its expression in tumor tissues increases with tumor progression [17] . Consistent with these reports, we found that the tumor diameter and T classification, which can be viewed as representative of tumor progression, were independent risk factors for serum ALP elevation. We also found that, in patients with elevated pre-treatment serum ALP, the ALP value showed an obvious decrease after surgery, showing that the tumor itself is the origin of the elevated serum ALP in GC patients.
As verified by previous studies, serum ALP can provide survival information for patients with certain malignancies. Similarly, its prognostic value was also established in GC patients by the 
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present study, which demonstrated that the DFS of patients with elevated pre-treatment serum ALP was significantly inferior compared with patients with normal pre-treatment serum ALP, and multivariate analysis showed that pre-treatment serum ALP was an independent factor influencing patients' DFS. However, previous studies did not track the dynamic changes in serum ALP during patient follow-up phase so as to analyze their clinical significance. In the present study, we set 4 time points to monitor changes in serum ALP levels and found that in patients with elevated pre-treatment serum ALP, the normalization of post-treatment serum ALP was associated with a better DFS, while in patients with normal pretreatment serum ALP, the elevation of post-treatment serum ALP was associated with a worse DFS. Furthermore, elevation of pre-terminal serum ALP was observed in 13.7% of tumorrecurrent patients, while in patients remaining tumor-free, it was only 2.7%. These findings indicate that besides the initial serum ALP level, its alteration thereafter has equal importance for evaluating GC patients' prognosis.
Studies have proposed several possible mechanisms for the clinical relevance of serum ALP in tumor patients. First, patients with elevated serum ALP are considered to have higher tumor burden and heterogeneity, which agrees with our present results [7, 9, 18] . Second, elevated serum ALP seems to be associated with poor response to anti-tumor therapy. Maisano et al. retrospectively analyzed the data of 103 metastatic colorectal cancer (CRC) patients; 32 of them had a serum ALP activity ³300 U/L (observation group), among whom there were only 3 cases (9.4%) of partial remission, while in the control group there were 3 complete remissions and 24 partial remission (41.5%, 27/65) [19] . Third, in a recent study published in 2017, tumor-derived ALP has been found to play pivotal roles in promoting the survival of prostate cancer cells and to participate in the processes of epithelial-to-mesenchymal transition (EMT) and bone metastasis [20] , but whether it is the same in GC is currently unclear. Guo et al. discovered that aloe emodin can 
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inhibit the proliferation and interrupt the cell cycle of MGC-803 cells, as well as decrease the activity of ALP [21] , but they did not explore whether the former 2 effects were to some extent mediated by ALP suppression, so the exact significance of ALP expression in GC requires further investigation. Finally, the substrates of ALP are numerous, and some of their products theoretically may also participate in the development of cancer (e.g., adenosine (ADO) is a potent immunosuppressive and pro-tumor factor converted from adenosine triphosphate (ATP) by a series of enzymes including ALP [22] ). Thus, future research should focus on these aspects at the molecular or cell level to elucidate the exact biological function ALP exerts in GC, as well as the underlying mechanisms.
Conclusions
Serum ALP is a valuable predictor of patients' DFS after radical gastrectomy. Patients with elevated serum ALP have shorter relapse time, and may accordingly need more aggressive therapy [23, 24] , while in patients whose serum ALP increases or remains elevated after treatment, adjustment of the therapeutic strategy may be essential [13] . However, as this was a retrospective study, prospective studies are needed to verify our results.
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